The present study attempted for the first time to explore the importance of photoperiod in the regulation of seasonal ovarian functions in any subtropical major carp. Adult Indian major carp Catla catla were transferred to a long photoperiod (LP; LD 16:8) or a short photoperiod (SP; LD 8:16) for 30 days on 4 dates corresponding to the beginnings of 4 reproductive phases in an annual cycle, and responsiveness of the ovary was evaluated by comparison with the gonadal weight (I G ), relative number of developing oocytes, serum levels of vitellogenin, and the activity of 2 important steroidogenic enzymes, that is, ∆ 5 3βhydroxysteroid dehydrogenase and 17β-hydroxysteroid dehydrogenase, in the ovary of fish in a natural photoperiod. Exposure of fish to LP during the preparatory phase (February-March) resulted in a significant (p < 0.001) increase in the values of vitellogenin and in the activity of both the steroidogenic enzymes but not in the ovarian weight and in the relative number of different stages of oocytes. A more stimulatory influence of LP was noted during the prespawning phase (April-May), when precocious maturation of ovary was evident from a significant (p < 0.001) rise in the values of each studied features of ovarian functions. However, no ovarian response was found when the fish were transferred to LP during the spawning (July-August) and the postspawning (September-October) phases. On the other hand, the SP was found to have an inhibitory influence on ovarian growth and maturation during the prespawning and the spawning phases or to have no influences on ovarian functions during the preparatory and the postspawning phases of an annual cycle. The results of our study provide the first evidence that photoperiod per se plays an important role in the seasonal maturation of ovary in a subtropical freshwater major carp.
Reproduction in majority of fish species is seasonal, and gonadal maturation takes place at a time when conditions for the survival of the offspring are optimum. Temporal organization of seasonal breeding is a species-specific phenomenon, which may be a self-sustained circannual rhythmic function (Bromage and Duston, 1986) or may be influenced by one or more component(s) of the environment (Vivien-Roels, 1985) . Annual fluctuations in the duration of light or photoperiod constitute one of the major and regular environmental variables, which appear to perform an important role in the regulation of or synchronization with the reproductive cycle in most fish specie that breeds at mid-and high latitudes (Koya and Kamiya, 2000; Bromage et al., 2001; Bornestaf et al., 2001; Garcia-Allegue et al., 2001) . But a conclusion on the use of photoperiods in the temporal organization of seasonal breeding in low-latitude fish in general suffered a setback from the lack of studies representing diverse groups of species. Existing information is based only on the studies undertaken with different air-breathing fish such as Heteropneustes fossilis Sehgal, 1970a, 1970b; Vasal, 1973, 1976; Chaube and Joy, 2002) , Mystus tengara (Guraya et al., 1976) , Channa punctatus (Garg and Jain, 1985; Joy and Khan, 1991; Srivastava and Singh, 1992a , 1992b , and Clarias batrachus (Singh and Joy, 1998; Acharia et al., 2000) , as it was easy to maintain them under laboratory conditions for experimental studies. There are reasons to believe that because of their natural habit, air-breathing fish maintain more proximity with ambient light than their nonair-breathing counterparts do (Chakrabarti, 1998) . However, no data were available from the studies in any non-air-breathing tropical fish to compare the photoperiodic mechanisms between the two. A recent study on Indian major carp Catla catla indicated a possible role of photoperiods in the temporal organization of seasonal breeding (Dey et al., 2004) , but supporting data from experimental studies were lacking.
The present article is an attempt to demonstrate the influences, if any, of artificial long and short photoperiodic regimens on the events of ovarian maturation in an annual cycle in the Indian major carp, C. catla, under ambient thermal conditions. This commercially important fish, by virtue of its natural surfacedwelling habit, maintains close contact with environmental light (Chakrabarti, 1998) and thereby offers an excellent model of investigation for understanding the regulatory role of photoperiods in low latitudes, where seasonal fluctuations of day length are not drastic compared to that in the temperate regions. In light of the information (Maitra and Dey, 1992) that the influences of a given regimen of light and darkness may vary in different parts of the annual cycle, an identical experimental schedule has been followed during the different phases of an annual gonadal cycle of the carp under study.
MATERIALS AND METHODS

Collection and Maintenance of Fish
Photoperiodic manipulations throughout the reproductive cycle were done using healthy adult female C. catla of more or less identical size and weight (ranging from 900-1000 g). The fish were collected with the help of local fishermen from the same large water bodies, located in the eastern Gangetic part of India (lat 23°14′N, long 87°51′E). Soon after catch, fish were brought quickly to the laboratory and were transferred to large cement tanks measuring about 2 m (L) × 1.5 m (W) × 70 cm (D). The tanks were provided with artificial aeration and running water. Fish collected for experimental purpose were acclimatized to laboratory conditions for 1 week. They were fed with artificially prepared balanced fish food composed of 35% fish meal, 28% mustard oil cake, 28% rice barn, 2% sunflower oil, 2% cod liver oil, and 5% carboxy methyl cellulose and multivitamin-multimineral tablets (Becozyme Forte, Glaxo India Ltd., 25 tabs/kg food) throughout the investigation. Adequate amount (about 200 g/tank/d equivalents to 6% body weight) of food was scattered in all the tanks twice daily (in the morning at about 1000 and in the evening at about 1800). To maintain hygienic conditions, the water in the tank was replaced regularly.
Experimental Paradigm
Identical photoperiod experiments were performed during 4 different phases of the annual gonadal cycle. Each phase is characterized by distinct germ cell profiles in the ovary and has a specific duration (Dey et al., 2004) . The ovaries exhibit mostly oogonia and few stage I primary oocytes during the preparatory phase (January-March), stage II oocytes as the most advanced germ cells in the prespawning phase (April-June), yolk-laden stage III oocytes in the spawning phase (July-August), and a large number of atretic or postovulatory follicles in the postspawning phase (September-December). Reproductive phase was confirmed from the study of 3 to 4 randomly selected fish prior to the beginning of each experiment. Details are presented in Figure 1 .
At the onset of each experiment, after the initial body weight of each individual was determined, a total of 24 adult female carps were randomly divided into 3 groups of equal size and were transferred to different tanks that were separated from each other by light-proof devices. Subsequently, different groups of fish were subjected to 1 of the 3 following photoperiodic regimens:
1. long photoperiod (LP; LD 16:8, lights-on at 0400), 2. short photoperiod (SP; LD 8:16, lights-on at 0800), or 3. natural photoperiod (NP), which varied with respect to the season (i.e., from summer solstice of about 13 h, 30 min to winter solstice of about 10 h, 15 min), including civil twilight and artificial illumination between 0800 and 1600 daily. The fish belonging to the NP group were considered as the controls for the LP and SP groups.
Artificial lights were provided in each tank with 40-W white fluorescent lamps. The intensity of light at the surface of the water in each tank was about 200 lux. Different switches operated by already programmed electronic timers separately determined the duration of illuminations in different tanks.
In an annual cycle, the maximum and minimum values of water temperature ranged between 32.50°C and 21.70°C during the summer and the winter, respectively. However, in a given set of experiments, there were no variations in water temperature between different tanks. A uniform physical condition including ambient temperature, dissolved O 2 and CO 2 , salinity, and pH of water for different groups of experimental fish was maintained through continuous flow of the same water in between the tanks. The fish, irrespective of experimental groups, were maintained for 30 days. After termination of each experiment, the body weight of each individual was determined, and the fish were sacrificed between 1400 h and 1600 h by decapitation.
Collection of Samples
Blood samples from individual fish were collected into glass centrifuge tubes and were allowed to clot at room temperature. The serum was collected by centrifugation and stored at -40°C until used for vitellogenin assay.
The ovaries of each freshly sacrificed fish were quickly removed from the abdomen, freed from extraneous tissues, soaked on blotting paper, and individually weighed to the nearest 0.01 mg. The mean paired ovarian weight of the carps in each group was used for evaluation of gonosomatic index (i.e., paired ovarian weight g/100 g body weight, or I G ). A part of the left ovary of each fish was immediately fixed in aqueous Bouin fluid, while a part of the right ovary of the same fish was stored at -40°C until assay of the activity of steroidogenic enzymes.
Microscopic Study of the Ovary
The Bouin fixed part of each ovary was dehydrated in graded alcohols and embedded in paraffin wax; 5µm-thick paraffin sections were then cut for subsequent staining with Masson trichrome stains (Lillie, 1954) . The stained sections of ovary were studied under a bright field microscope (Olympus BX51, Japan), and different types of oocytes were classified on the basis of the characteristics described by Sundararaj and Sehgal (1970a) . On the basis of the nuclear and cytoplasmic characteristics of the oocytes, the following stages of the oogenesis were identified.
Oogonia. These are the most primitive type of ovarian germ cells, which are generally found along the ovigerous sac. Each oogonium is characterized by the presence of a conspicuous large nucleus with nucleolus and scanty cytoplasm. The diameter of each oogonium generally does not exceed the limit of 50 µm.
Stage I primary oocytes. The diameter of this type of oocyte ranges from 50 to 150 µm. They are mostly found along the ovigerous lamellae and are larger than oogonia. They are characterized by a homogeneous basophilic cytoplasm with a large nucleus containing 3 to 6 nucleoli.
Stage II primary oocytes. This stage of oocyte development is identified by the presence of cortical alveoli or vacuoles, which are generally considered as the index of vitellogenesis. Prominent follicular layers around the oocytes are notable. The cytoplasm appears to be granular and weakly basophilic. The diameter of this stage of oocyte ranges from 190 µm to 350 µm.
Stage III primary oocytes. This stage of oocyte is characterized by the presence of yolk in the cytoplasm. Initially, yolk is deposited along the periphery in the form of minute granules, which are interspersed with the vacuoles. The fully formed primary oocytes are invested with an outermost layer of thin and elongated thecal cells, which abuts the inner layer of granulosa cells. The yolk is separated from the granulosa layer by a thin vitelline membrane or chorion. The diameter of oocyte is found to vary between 600 µm and 850 µm.
Atretic follicles. The term corpora atretia is understandably used for preovulating follicles turning atretic or degenerate. In the case of immature oocytes, breakdown takes place by simple vacuolation and disappearance of only cytoplasm. In the case of yolky oocytes, degeneration takes place by the breakdown of the ovum and hypertrophy of the granulosa cells, by fragmentation of the vitelline membrane and phagocytosis of yolk by granulosa cells, or by liquification of the yolk material.
At least 10 stained sections of each ovary were studied under a microscope to ascertain the stage of ovarian development in the concerned fish by counting the relative number of different types of oocyte (Acharia et al., 2000; Dey et al., 2004) .
Biochemical Study
All the reagents used in the biochemical analysis of different samples were prepared from the analyticalgrade chemicals procured from Sigma Chemicals Co., USA.
Estimation of the Activity of Steroidogenic Enzymes in the Ovary
Activity of ∆ 5 3β-hydroxysteriod dehydrogenase (3β-HSD). A part of the right ovary from each fish was separately homogenized in 0.05 M potassium phosphate buffer, pH 7.4. The homogenate was centrifuged at 10,000 g for 15 min at 4°C. The 3β-HSD activity was determined following the spectrophotometric method described by Wiebe (1976) with minor modifications required for the assay of fish ovarian enzyme.
Activity of 17β-hydroxysteriod dehydrogenase (17β-HSD). Ovarian tissues were homogenized in cold 0.6% saline, which contained 20% glycerol and 1 mM EDTA to stabilize its activity. The homogenate was then centrifuged at 10,000 g for 15 min at 4°C. The activity of 17β-HSD was determined following the method described by Jarabak (1969) with minor modifications.
The rate of formation of reduced nicotinamide adenine dinucleotide (NAD), that is, NADH, was monitored at 340 nm in a UV-Vis spectrophotometer against a blank containing all the ingredients except the pregnenolone (for 3β-HSD) or 17β-estradiol (for 17β-HSD) in respective assay procedure. Results were expressed as nanomoles of NADH formed per minute per milligram of protein in a cuvette of 1 cm light path. The protein content of the supernatant of ovarian tissue homogenate was measured following the method of Lowry et al. (1951) .
Quantitative Estimation of Serum Vitellogenin Level
Adirect method of estimation of serum vitellogenin level employing radioimmunoassay or enzymelinked immunosorbent assay was not possible due to nonavailability of antivitellogenin antiserum specific for C. catla. Therefore, quantity of alkali-labile proteinbound phosphorous was measured following the method of Vogel (1975) with minor modifications to serve as the index of vitellogenin concentration in serum (Nath and Surdararaj, 1981; Garg, 1988 Garg, , 1989 Joy and Agha, 1989) , and the concentration was expressed as micrograms of phosphorous per milliliter of serum (µg P/mL serum).
Statistical Analysis
The effects of photoperiods on the studied indices of ovarian activities were statistically analyzed following 1-way analysis of variance (ANOVA) considering the values of the LP, SP, and NP together at each stage of reproductive cycle. Subsequently, significant effects of the LP and the SP on each studied variable of ovary during each reproductive phase were determined separately comparing respective data of the parallel group of NP fish employing the 2-tailed Student t test (Zar, 1974) . The level of significance for both F and p was considered at 5% (≤0.05).
RESULTS
Neither LP nor SP resulted in a significant change in body weight at any stage of the annual reproductive cycle. However, ovarian responsiveness to a particular schedule of photoperiod was found to vary in different reproductive phases of the annual cycle.
Response to Altered Photoperiods during Preparatory Phase
Exposure of fish to LP (LD 16:8) or SP (LD 8:16) did not cause any significant change in the ovarian weight (Fig. 2) . The ovary in each fish, irrespective of groups, was found to contain oogonia, stage I primary oocytes, and few atretic follicles but no stage II and stage III oocytes (Fig. 3) . While SP did not influence any functions of the ovary, LP caused significant (p < 0.05) increases in the values of serum concentrations of vitellogenin ( Fig. 4 ) and the ovarian activity of ∆ 5 3β-HSD and 17β-HSD (Fig. 5 ) over the respective values in NP fish.
Response to Altered Photoperiods during Prespawning Phase
Exposure to LP resulted in precocious maturation of ovary. The ovarian weight in LP fish increased (p < 0.001) significantly compared to that in NP fish (Fig.  2 ). While no development beyond the stage II oocytes occurred in the ovaries of NP and SP fish (Figs. 3 and 6a), stage III oocytes were abundant in the ovaries of LP fish (Figs. 3 and 6b ). The serum level of vitellogenin ( Fig. 4 ) and the ovarian activity of ∆ 5 3β-HSD and 17β-HSD ( Fig. 5 ) in LP fish also increased significantly (p < 0.05). But exposure of fish to SP led to a significant (p < 0.05) decrease in ovarian weight (Fig. 2) , number of stage II oocytes (Fig. 3) , serum level of vitellogenin (Fig. 4) , and the ovarian activity of ∆ 5 3β-HSD and 17β-HSD ( Fig. 5 ) compared to respective values in NP fish.
Response to Altered Photoperiods during Spawning Phase
No influences of LP could be detected at any level of study . But exposure to SP resulted in a significant (p < 0.05) decrease in the values of I G (Fig.  2) , number of stage II and stage III oocytes (Fig. 3) , serum vitellogenin level (Fig. 4) , and ovarian activities of 3β-HSD and 17β-HSD (Fig. 5) . Moreover, the number of atretic follicles in the ovaries of SP fish, compared to the respective value in NP fish, was found to be significantly (p < 0.001) increased (Fig. 3) .
Response to Altered Photoperiods during Postspawning Phase
The ovaries of each fish, regardless of experimental groups, were very small and contained oogonia, stage I oocytes, and a large number of atretic follicles or degenerated tissues. There were no significant changes whatsoever in the values of ovarian weight (Fig. 2) ANOVA results: preparatory phase, statistically not significant; prespawning phase, F 2,21 = 11.96, p < 0.001; spawning phase, F 2,21 = 9.26, p < 0.05; postspawning phase, not significant. The asterisk on the vertical bars denotes that the value is statistically significant at the 5% level compared to the value of the respective NP group.
Figure 3. Histograms representing mean (± SE in vertical bars) percentages of different stages of developing oocytes in the ovaries of natural photoperiod (NP), long photoperiod (LP), and short photoperiod (SP) fish during the different reproductive phases of the annual cycle.
ANOVA results: preparatory phase, statistically not significant; prespawning phase, stage I oocytes (F 2,21 = 33.83, p < 0.001) and stage II oocytes (F 2,21 = 776.17, p < 0.001); spawning phase, atretic follicles (F 2,21 = 17.64, p < 0.001); postspawning phase, not significant. The asterisk on the vertical bars denotes that the value is statistically significant at the 5% level compared to the value of the respective NP group. oocyte development (Fig. 3) , serum levels of vitellogenin (Fig. 4) , and ovarian activities of 3β-HSD and 17β-HSD ( Fig. 5 ) among different groups of fish.
DISCUSSION
The present study was carried out with randomly selected healthy young adult Indian major carp C. catla, which were of more or less identical size and weight, thereby indicative of identical age (Chakrabarti, 1998) . Throughout the investigation, the fish were procured from the same water bodies at a specific geographical location (lat 23°14´N, long 87°51´E) of India and thereby ensured an identical photoperiodic history of all the fish used for experimental purpose. This underlined the fact that ovarian responses, whenever detected, in the experimental groups did not result from any possible effects of age and photoperiod history of the animals. Rather, the studied features of ovarian functions under experimental conditions may be attributed only to photoperiods since, other than the photoperiods, the physical conditions including temperature, dissolved O 2 and CO 2 , and pH of water did not vary among the NP, LP, and SP fish.
The employed schedule of LP was found to be either stimulatory to only steroidogenic (during the preparatory phase) or to both steroidogenic and gametogenic functions of the ovary (during the prespawning phase) or of no influence to the functional status of the ovary (during the spawning and postspawning phases). Conversely, an attainment of seasonal peak in growth and development of the ovary was found retarded following exposure of the fish to SP during the prespawning and spawning phases, although no ovarian responses to SP were noted in the remaining part of the annual cycle.
During the preparatory phase (February-March), exposure of the fish to LP did not influence the development of oocytes but caused an increase in the activity of the steroidogenic enzymes of the ovary and a rise in the serum level of vitellogenin. Complementary to our findings, exposure to a daily schedule of long photoperiods (14L:10D) for 6 weeks in Indian : preparatory phase, F 2,21 = 15.67, p < 0.001; prespawning phase, F 2,21 = 37.47, p < 0.001; spawning phase, statistically not significant; postspawning phase, not significant. The asterisk on the vertical bars denotes that the value is statistically significant at the 5% level compared to the value of the respective NP group.
catfish, H. fossilis, resulted in stimulation of vitellogenic functions of the ovary during the preparatory phase (February-April) of the reproductive cycle Sehgal, 1970a, 1970b; Vasal, 1973, 1976 ). An acceleration of gonadal growth was also noted in Mystus tengara (Guraya et al., 1976) and in Channa punctatus (Garg and Jain, 1985; Srivastava and Singh, 1992a , 1992b following exposure to different schedules of LPs (14L:10D or 18L:6D) as well as to continuous illuminations (LL). It was notable further that in addition to the accelerated process of vitellogenesis and steroidogenesis, an increase in the number of yolky oocytes in the ovary of Catla resulted following exposure to LP during the prespawning phase (April-May). These results clearly indicated that a schedule of LP is stimulatory to gonadal growth during both the preparatory and prespawning phases of the annual cycle, but such influence on follicular development was exhibited only when stage II oocytes were already formed in the ovary before the fish were subjected to LP. It may be noted that at the time of introduction of fish to the experimental conditions, the ovaries were containing only stage I oocytes during the preparatory phase but stage II oocytes during the prespawning phase. These findings support the conjecture that -hydroxysteroid dehydrogenase (17β-HSD) in the ovaries of natural photoperiod (NP), long photoperiod (LP), and short photoperiod (SP) fish during the different reproductive phases of the annual cycle. ANOVA results: preparatory phase, 3β-HSD (F 2,21 = 12.28, p < 0.001) and 17β-HSD (F 2,21 = 15.40, p < 0.001); prespawning phase, 3β-HSD (F 2,21 = 33.96, p < 0.001) and 17β-HSD (F 2,21 = 20.02, p < 0.001); spawning phase, 3β-HSD (F 2,21 = 10.71, p < 0.01) and 17β-HSD (F 2,21 = 16.43, p < 0.001); postspawning phase, not significant. The asterisk on the vertical bars denotes that the value is statistically significant at the 5% level compared to the value of the respective NP group.
the influence of a particular photoperiod on gonadal functions essentially depends on the reproductive status of concerned fish in an annual cycle (Maitra and Dey, 1992) .
Our study showing an inhibitory influence of SP on the vitellogenesis, steroidogenesis, and gametogenesis in the ovary during the prespawning phase (April-May) serves as an indication that photoperiod plays an important role in attaining seasonal sexual maturity in carp. Moreover, it is notable that exposure of carp to SP during the spawning phase (July-August) resulted not only in a significant decrease in the values of gonadal weight, serum level of vitellogenin, and the activity of both the studied steroidogenic enzymes but also an increase in the number of degenerated or atretic follicles in the ovary. These observations underline the fact that the maintenance of active conditions of the ovary during the spawning phase requires an optimum duration of daily light, obviously more than that employed (LD 8:16) in the SP group, and thus accounts for an advanced ovarian regression in SP fish compared to that in corresponding NP fish. Short photoperiods were also found to be inhibitory to gonadal functions in several subtropical fish including Cirrhina reba (Verghese, 1970 (Verghese, , 1975 , H. fossilis Seghal, 1970a, 1970b; Vasal and Sundararaj, 1976) , and C. punctatus (Garg and Jain, 1985; Srivastava and Singh, 1991 , 1992a , 1992b . But the question remained open whether the effects were strictly short photoperiodic or coupled with altered water temperature. A combination of LPs and relatively high temperature regimen was found to be effective in causing maturation of gonad in the Indian murrel, C. punctatus (Garg and Jain, 1985; Srivastava and Singh, 1991 , 1992a , 1992b . In the present study, different photoperiodic fish groups were always maintained under natural fluctuations of ambient temperature. Thus, any conjecture that altered ovarian conditions in experimental fish groups have resulted from the subjected photoperiods but not from altered temperature is gaining importance. Nonetheless, additional data are required from further experimental study employing schedules of constant temperature and altered photoperiods during the different phases of reproductive cycle to justify the hypothesis.
One of the remarkable features in the current study was that neither LP nor SP could cause seasonal recovery of gametogenesis, that is, development beyond the stage I oocytes in the ovaries that were already regressed before the fish were subjected to experimentation during the postspawning phase (September-October). Since none of the studied fish groups exhibited any ovarian response to altered photoperiods during the postspawning phase, it appeared logical to surmise that in all probability, the fish during this part of the reproductive cycle were photorefractory, that is, a physiological state lacking capacity to respond to any changes in photoperiod (Nicholls et al., 1988) . Studies in birds and mammals have shown that at the end of the breeding phase, a photoperiodic species becomes photorefractory under the influence of long day lengths, while termination of such a physiological state requires exposure of the animal to a specific duration of SPs (Follett, 1984; Maitra, 1987) . Notwithstanding the fact that the gonadal response mechanism in many fish to altered photoperiods in an annual cycle does not appear to follow a pattern identical to that in higher vertebrates (Bromage et al., 2001) , future studies on long-term effects of artificial photoperiods, especially during the phases of reproductive transition (i.e., between the spawning and the postspawning, as well as between the postspawning and the preparatory phases), in an annual cycle would be worthwhile. Alternatively, it is also possible that the temporal pattern of onset of seasonal regression of the ovary at the end of the spawning phase may be a function of a self-sustaining circannual rhythm, as suggested for the stickleback (Baggerman, 1980) and the Indian catfish (Sundararaj et al., 1982) . However, the topic should remain speculative until a number of criteria for the existence of endogenous biological clocks or rhythms are being met (Bromage et al., 2001) by further study.
The effects of different photoperiods on C. catla may be mediated through the hypothalamo-hypophyseal system, as has been shown in studies on other fish species (Amano et al., 1999; Davis et al., 1999) . Since ovarian activity of steroidogenic enzymes is stimulated by gonadotropic hormone (GTH) of adenohypophysis (Nagahama, 1994; Datta and Bhattacharya, 1997) , our study showing an enhanced activity of 2 important steroidogenic enzymes (3β-HSD and 17β-HSD), whenever detected in the ovaries of LP fish, may be attributed to a photostimulatory effect on the GTH. It is possible that under the influence of GTH, production of a steroid hormone such as 17β-estradiol increased in the ovary of LP fish, and 17β-estradiol in turn stimulated the synthesis of vitellogenin in the concerned fish (Bromage et al., 1995) during the preparatory and the prespawning phases of an annual cycle. Evidence is available to show that in several fish species, photoperiods can alter the gonadotropin synthesis and its release from the pituitary (Breton and Billard, 1977; Hontela and Peter, 1978; Gillet et al., 1978) . The study on a tropical teleost C. punctatus Singh, 1992b, 1993) also reported that LP (18L:6D) caused an increase in the activities of gonadotropic cells and thereby stimulated the gonadal maturation, while SP (6L:18D) inhibited the activities of gonadotropic cells in the pituitary and retarded gonadal maturation.
Data accumulated in recent years suggest that the influences of altered photoperiod on the hypothalamo-hypophyseal-gonadal axis in fish, like many other vertebrates (Bartness and Goldman, 1989; Bartness et al., 1993) , are related to the changing patterns of secretion of the indoleamine hormone melatonin from the pineal organ (Bromage et al., 1995; Bromage et al., 2001) . In a recent study on caged European sea bass (Dicentrarchus labrax), artificial lights have shown to suppress the circulating melatonin and to affect the daily rhythm of LH storage and release from the pituitary (Bayarri et al., 2004) . Although comparable data are lacking with any other fish, our recent study has demonstrated an inverse relationship between the seasonal functions of pineal organ and gonad in carp C. catla . We have also reported that pineal functions in carp were stimulated following exposure to continuous illuminations (LL) while inhibited under the influence of continuous darkness (DD). Thus, any further study on the possible role of the pineal organ and/or melatonin in the regulation of the hypothalamus-pituitary-gonadal axis in carp appears to be worthwhile.
In conclusion, our study provides the 1st evidence of the importance of photoperiod in the regulation of seasonal ovarian functions in a subtropical major carp in C. catla. There are reasons to believe that at least 2 critical events (i.e., initiation and termination of seasonal maturation of ovary) in an annual cycle are under the control of the solar day. The increased duration of daily light appears to be instrumental in an early recrudescence and precocious ovarian maturation under artificial conditions. It may be emphasized further that once seasonal regression starts in the ovary, none of the employed photo schedules are effective in causing an immediate recovery from the state of quiescence. In all probability, seasonal recovery of ovarian functions is a function of extraphotoperiodic component(s) of the environment and/or a self-sustaining circannual rhythm. Obviously, there is a need to carry out further experiments under constant temperature in different parts of the reproductive cycle and to measure diel patterns of plasma melatonin and reproductive hormones to understand the mechanisms of photoperiodic control of reproduction in carps. Nonetheless, considering the commercial importance of this freshwater fish, the information already gathered from the present study has implications beyond the findings in the laboratory. In the current state of knowledge, a regimen of artificial LPs may be used during the prespawning phase of the carp to advance its gonad maturation and spawning time, while it is also possible to avoid reductions in maturation-associated growth and deteriorations in flesh quality by submitting the fish to shorter day lengths during the prespawning and spawning phases of the reproductive cycle (Bromage et al., 2001) . Further understanding of the mechanisms of photoperiodic regulation of reproduction should enable fish farmers to produce this economically important fish of desirable size and quality at a time when its demand is very high in the markets.
